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TECHNICAL EVALUATION MEMORANDUM 


This mevting wae aimed to wuts the piewnt kmowtindge aad physica wadortanding of those parts of the flow 
fiekd in turbomachings that ate wbiected to high tincow times aad vortiom eg the flow close to amor and autor 
walls of comprenors and turbines, within comer sed seat gaps a to be fownd at the hub and tp of the blades, 


A comprchensie appeoust was a tiewed Leaking into account the theotetiod aad eypormontal status as well as 
survey ing the advanced meusuting techmapar, Preowet demaids of eadestty end oflon af reacatch worker to ment 
them emerged from dincusaions after cat puget aed from the oo tnmwne fond Cable seemon 


it was made clear: 


why industry could mot use the theoretical moulels sadistic en the htoratate no Cat, 


that industry hus 4 need for a theoretical etionstiom of the Mockage Lactot to mprove calowlation of the low 
loss core-flow 


that industry aveds formulas for Cortect howe eatiomastion. 


As tegards comprtenerts, it m expected thet amplified a vomdety vorticity comaderation and paoadohoundary 
layet approuches will tesult im further progres if they are backed up by experimental rowults, 


Foe turbines, a different approuch was suggested fully threedamenmional calowletion methads are eapocted to 
be necessary. They ate admittedly time comurting but should be lew capemuve than caperments 


To develop the necessary flow modebs, mew experimental techmques (optical) must be wed They are comadercd 
to be costly and complicated. thus experiments showkd be planned carefully Emphans will have to be placed on 
multistage flows, tip clearance effects and on radial machines 


The Panel has been asked by key participants to comader the coordination of future work (with reapect to 
experiments) and to teconvene purticipants when new theoretical and caperimental rewlts are available (aay, in five 
years). 


TECHNICAL EVALUATION REPORT 
my 


i. INTRODUCTION 


Improvement of the thevtetical Cah wheter of the iincid Cote of the hugh portoarmence tarbormachines makes 
more and more neceraary the bettict umdermtanding of the wcusdery flows. ic the part of the flow field that » close 
to the inner oF the outer wall and fp thetetvss wabpe tied to hagh wmcow atimars a woll a to the offoot af the vertices 
induced by the Bhide-casing jane tion. 


Such probleme have bees frequently din uaed during tathous te tiiial montengs but Che Spooiwhats Mooting held 
during the 49th AGARD Propubiwr and FE mergetioe Pamel Mecting at The Hague, Nethoriands, 28-50 March 1977. a 
the fiest international congress entitely devoted to thin sabi t 


The meeting was diviuded into four wm 4 total of filters emitted papor aad sovow shart provontalions 
followed by 4 round table dincussion. 


2. CONTENT OF THE MEETING 


A teview paper by J. Morlock (Salford University, UK.) summarved the eather work on secondary Nows mm 
turbomachines. The secondary flow effects in comprenots and tarbenes ate very different 

Comprewor bladings give wnall deflection. and the felatine motion between the Madeng and the wall ® such that the 
secondary vorticity can be calculated by meam of wmplifhed methods and the estimation of boundary layer effects 
can be based on integtal methods. 
Turbine blades induce lutge deflections and the telatine motion in wach that the threr-dememwional effects ate pre 
dominant. Complete flow calculations ate requited. 
Correct loss prediction methods useful for engine manufacturer: do sot exit for cither compremor or turbme, 


From the presentations made duting the Spectalints Mecting several tendencies for the development of theoretical 
research can be distinguished 


As shown by J. Horlock, the followers of W.R Hawthorne investigate the detail of the structure of the secondary Now 
field. Renewed interest in this field of research is manifested in the so-called Beltrami flows in which total prewure 
is constant and vorticity components exist parallel to the local velocity. 


A slightly different method was presented by H. Marsh (University of Durham. UK.) who emphasizes the role of the 
time lag between pressure side and suction side flows to approumate estimation of the different components of 
the secondary vorticity: 


An altetnate way wus followed by the research team of the Ecole Centrale de Lyon. F.. G. Bois, F.Leboeuf, A. Comte, 
K.Pupailiou. By means of generalizing the classical boundary layer methods, they estimate the overall effect of the 
secondary flows. Apparently such an approach is very satisfactory even in the transonic range. The junction between 
the inviseid of at least the low lows Mow region and the secondary flow region is made on the basis of static pressure 
compatibility. An experimental paper given by the same team showed the validity of this approach that may be 
considered as a fitst step towards the estimation of losses and blockage factors due to the development of wall 
boundary layers amplified by the secondary effects. 


For higher Mach numbers. namely in the case of supersonic compressors all these approaches become irrelevant 
and Fruehauf, University of Stuttgart. Ge., gave some preliminary results of flow calculations.in compressors using the 
characteristics method. 


Outside of these theoretical papers, most of the presentations described experimental results. The techniques 
included probe surveys, laser velocimetry, and several forms of flow visualization. 


Results obtained by advanced methods were presented: 
- hot wire anemometry in a subsonic compressor (Ch. Hirsch, Free University of Brussels, B.), 


detailed boundary layer measurements near the casing wall of another subsonic compressor (W. Kimmel, Technisch 
Hochschule, Aachen, Ge.), 


~ laser anemometry in a transonic compressor (H.Weyer, DFVLR, Kéin Wahn, Ge.), 


~ turbine flow analysis using advanced theoretical methods (W.Tall, Wright-Patterson AFB, in the United States) and 
multistage turbine experiments (B.Barry, Rolls Royce 1971 Ltd. in the United Kingdom). 


Due to the difficulties encountered In memuicmeet ls actual Larbomackinns some prosoRtations woke Fostmotod 
to laborstory tests. The study of the flow distortion im am smaular blade cawade by J Huard, ONEIRA, F, showed all 
the complerity of distorted flows te + thtce-stimemniomel toot Lacwhty the aticamianes wadonge Amman of outwards 
fadial shifts according to thew totsl prewute. 


Using 4 moving belt at one wall of this linear Dhade cascade, HB Cemck, LC 1. UK. analyeod the offfect an the 
sevondary phenomens in the Canis of 4 hewed bousdery Layer ie wiih the selacty © aot patallcl to Oke mae 
flow velocity. Thin test set-up simulates im a borstosy te tot omdilioe af the OMtEAROe of wh acted COMpRONOT 


ts sisnulat way. b Goldman. NASA. Lewin Rewari Comte US. samulatcs the offoct of ondwall cooling at 
injection on the performance of an snmuhet Cmcude of turbiee Dados. aad Pk Manthal aad C Siowording, Von Karman 
Institute, B.. smaly ced the structure sited tie hone mepattidicos on tie coda pam of 4 leneat how spond turbine blade 
caneade. 


No new loss corchetions were extracted from aif thew memmnomonts dlithowgh al was wadortioad Ghat sooondary 
flows lead to Digh lonnes ane 4 good umeiortaneding of theme ie Gecwoner to ape tomate Portormances bi 
ofder to decreune these lmaes wore devkys Werte Phopoed 


Wall boundary layer suction wane propored by tutte BA Gontalioe (Ohalmors Ulamores Savadons) who anos porous 
wally and G.Meauze, ONE RA, F.. whe elimination the Dhade cance oad wall howndar Liniod Chhoagh slots powtionod neat 
the Blade charimet minimus vec tic tm Berth canes iemprimemmcnt ol tthe flow fhokd wad todaction of the accomdary tosses 
were obtained. No overall Dulame tokimg into an umunt the Mork mnicary fat hownden Layot sation he hoon pronontod 
in either case, 


A new blade surface treatment wus propowd by MP Boyce. Teas A AM Usiverwty, US Anil grooves on the 
blade suction surface were teported to deksy the ofall poacmnememcn 


A proposal by J. Renken (DEVLR. Ge) to wmooth out the Madecasing wall henction un onder to diminish the 
secondary losses was disupprowed. since some Compremor teets teportiod by J Hotlock showed mo officioncy amprowe 
ments. 


3. ROUND TABLE ON THE NEEDS OF ENGINE MANUFACTURERS OF SECONDARY PLOW KNOWLEDGE 
AND THE CONTRIBUTION OF THE PRESENT AGARD MEETING TO THIS KNOWLEDGE 


A better Knowledge of the flow field in the wall region and a cottect estimation of secondary lowes are of paramount 
interest to engine manufacturers, according to R. Bouillet, SNECMA. F_ A better knowledge of secondary effects is 
required for the following reasons: 

secondary flows affect the engine efficiency in some cases wach as hagh prewure turbine stapes. the secondary lowes 
account for half of the stage losses, 

secondary flows modify the main stream both through the channel Mockage and the prewure equilibrium condition, 
a better knowledge of the blockage factor and the inviecd Now calculation leads to a better Made setting. 


A typical example of the effect of secondary flows on compresot dewgn is the case of a seven stage axial compremor 
that has large secondary losses due to high pressure gradients and an cight stage comprewor deugned for the same 
performances that has higher efficiencies. 


Reduction of secondary loses by complex methods such as casing boundary layer suction. grooves ot any other 
casing treatment. reduction of peripheral gaps using abradable materials is not a final solution. The stall margin may be 
extended but the efficiency is generally decreased. 


The use of correct secondary flow models and correct loss predictions at the engine design stage is the preferred 
way to minimize the effect of secondary flows. 


By summarizing earlier work and presenting recent analytical researches the present AGARD meeting gives 
already part of the answers to these questions. That is how J. Chauvin. Von Karman Institute, B.. evaluates the contri- 
bution of this meeting to the progress in secondary flow research. For compressors almost all the Nevessaty tools ate 
in the hands of engine designers. For turbines, the development of fully three-dimensional calculations «till seems 
necessary. 


The simple loss and blockage factor correlations the engine manufacturers use now lack generality and it will be 
necessary for them to learn to use the new theoretical models proposed by research people. On the other hand, if the 
theoreticians wish to improve their models, they have to take advantage of all the advanced experimental data 
presently available. The empirical factors that still exist in the best formulas can be estimated more correctly in 
that way. 


This approach could refine the theoretical micthods thet anv sltoady available aad soom to fit correctly the 
compreswor dats For turbine flows the Completes thive-dimcanual theory as to ®e developed Bul aa an ultimate 
Stage there three-dimeniwnal calulstionn arey foplice Wostl expenaomiations, 


For D.Eckardt. DFVLR, Kole Waka, Ge.. the lack of cxpermoatal nosults om secondary flow in actual tarbo- 
Mas hines is one of the difficultios is bushding thice-dimctncomel modch Tike hot ware aaomometor that Aas hoon widely 
used in low speed Comprenor should be siute aid mute Fophaond &) hawt eaomometry Moasatomonts clasor to the 
wall Devore possible with the use of the Fhuoteycrmt tex hema. 


P. Runstadier, CREARE Corp.. U.S.. agreed om this potat. He emphasized the role of correctly planned flow 
Visualization that may be 4 gfeat help for theorctickems to build 4 model The main datfiowlty a low visualieation 
comes from the unateady effects. The mont promnang tev tmagques afc. 

sheet of light 
laser holography 
wall trace 


From the genetal dincumion that followed thew commrnts made by the fownd Ladle loader, th sammary can 
be given: 
Everyone agreed that the engine manulatuters were fehac teat to wee the preanet dey Choones (wath some exoopr 


tions), feeling that they were nut developed enough to provade wiefal eaformation It was observed, however, that 
hot enough cases had been treated im ordet to decade whether of mot thes theories Could be of same une 


As far as the state of the aft & comcermed. if wan greetally agtoed that boundary Layer type methods helped by 
the simplified inviccid flow theories (us developed by Hawthorne, Hothock. Lakuhenarayens aad Marih) could provide 
a sound basis for annulus wall veeous layer prediction for compremorn at deage ead off dewpn conditions There a a 
lack of information, however, as far as the Lint stages of maulltintage compremars are Concerned and as lat a fap cleatanoe 
effects are concerned. 

The turbine secondary flow phywas are quite different becauw of the effect of woondary vorticity on the boundary 
layer and wo fully threedimensional cakculution methods caught to be weed 


These could seem quite expemive and difficult. but tecent advances a computor make thom more accesible 


All agreed that progress in expetimental tec hnaques helped the undertanding of Mow phenomens and that they 
ought to be used regardless of the costs. 


J.Hotlock pleaded for carefully planned expetiments. He seemed to imply that it was not wet powilble to wae the 
full equations and that the simplified models used should come from the expermental rewlts, 


Figure | summarizes the content of the meeting. | 


4. CONCLUSION AND EVALUATION OF THE MEETING 


The massive participation — over 120 attendees for a meeting on wach a qpecialized eubject as “Secondary Now: 
in turbomachines” — shows the importance and timely nature of the subject chosen by the AGARD Propulsion and 
Energetics Panel for its 49th meeting. 


Most of the fifteen invited papers and the seven short presentations made duting the mecting came from tescatch 


organizations with only a few papets presented by industry. It is unfortunate that a more complete representation of 
industry could not be obtained, but most of the main engine manufacturers were represented. 


The discussion periods were generally very lively. The representatives from industry made clear: 
why up to now they were not able to use the theoretical approaches available in the literature. 


the need for a theoretical estimation of the blockage factor to help them to calculate more correctly the low4ou 
core of the flow, 


the need for correct loss estimation formulas. 


The response from research workers suggested: 
- simplified secondary vorticity considerations and pseudo-boundary layet approaches seem to be promising for 
multistage compressor analysis if backed by experimental results, | 
- this analysis seems to be inadequate for turbines and fully three-<dimensional calculation methods must be used. These 
are still time consuming but afe certainly less expensive than experiments, 


——- 


Rew experimental techniques must be used. un wpite Of Lost aad effort. to promdic Oke amomaty) Mow mado, 
However, caperiments must be carefully planned. 

lack of understanding and experimental infvrmelion orinks wm the tollowang ames 

(1) multistage envisooment 

(ii) tip clearance effects 

(iit) radial machines 


The attendees were unusumous in fecummmending thet the same seit be comidinied fot ¢ futur AGARD 
Speviahiats Mecting when new thevretical sad capetionemial proalts ate agen evadebic 
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(x) Paper |, the introductory lecture by Professor Horlock is not considered in this list. 
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14, Abstract 


‘This Technical Evaluation Report on the 49th (A) PEP Specialists’ Meeting on 

«< “Secondary Flows in Turbomachines™ contains a critical survey of the 15 papers 
presented, on the informal presentations and on the extended Round Table 
Discussion. Conclusions are drawn, areas with high priority interest are marked and 
solutions both for compressor and turbine flows are suggested. 


The papers presented at the meeting together with the discussions, the informal 
contributions and the Round Table Session ate published as AGARD Conference 
Proceedings CP 214 “Secondary Flows in Turbomachines™. 
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